The H-point standard addition method (HPSAM) has been applied for simultaneous determination of maneb and zineb using 1-(2-pyridylazo)-2-naphthol (PAN) as a reagent. Both maneb and zineb form wine red colored complex with PAN at pH 9.2 which are soluble in Triton X-100. Zineb and maneb can be determined simultaneously in the range of 0.414-3.446 µg mL -1 and 0.663-3.316 µg mL -1 respectively with satisfactory accuracy and precision. The proposed method has successfully been applied for the simultaneous determination of maneb and zineb in several synthetic samples, spiked water samples and crops.
Introduction
Pesticides are an integral part of agricultural production. Apart from their importance in helping to increase the world food supply, they safeguard the crop yields which are necessary to guaranty a minimum profitability to the farmer. But pesticides also pose a global environmental pollution problem by contaminating water, soil and food. The major water, soil and food contaminants belong to the family of carbamate and organophosphate pesticides, which are ubiquitously used in agriculture. Pesticides are highly persistent in the environment, thus polluting the water supply and food chains 1 .
Dithiocarbamates are synthetic molecules frequently employed in agriculture as pesticides and in the rubber industry as vulcanization accelerators and anti-oxidants. Dithiocarbamate compounds are classified from medium to highly toxic substances, depending on their structure 2 . Maneb {[ethylene-bis(dithiocarbamato)]manganese(II)} is one of the dithiocarbamate pesticides, used to control late blight of potatoes and anthracnose of tomatoes. Zineb {[ethylene-bis(dithio carbamato)]zinc(II)} is used as fungicide to prevent crop damage in the field and to protect harvested crops from deterioration in storage or transport 2 . It is also used to protect fruits and vegetables from foliar diseases. As dithiocarbamate pesticides are known to have toxicological and mutational effects 3 , it is necessary to develop a rapid and accurate analytical method for their determination.
Common methods for dithiocarbamate determinations are based on their hot acid decomposition, followed by detection of carbon disulfide (CS 2 ) evolved after its collection in a suitable solution [4] [5] [6] . This approach was first proposed by Clarke et al. 4 and Lowen 5 who employed different methods for CS 2 quantification and these methods are unable to distinguish among various dithiocarbamates as most of them get decomposed to CS 2 . These methods are also time consuming, laborious and require considerable experimental skill for good results.
In the past few years, direct determination of dithiocarbamates (without hot acid decomposition) have also been carried out by UV-visible spectrophotometry [7] [8] [9] [10] , voltammetry 11, 12 , high performance liquid chromatography 13 , capillary electrophoresis 14, 15 , flame atomic absorption spectrometry 16, 17 . Maneb and zineb have also been determined by converting it into molybdenum 18, 19 and copper complexes 20 . However all of these methods suffer from one or the other disadvantages. With some of these methods sensitivity is low, some demand expensive and complicated instruments some require expensive or toxic reagents and others require difficult and time-consuming separation procedures and none of these methods is suitable for simultaneous determination of both these pesticides. There is no published example of any of the above mentioned methods and H-Point standard addition method (HPSAM) having been employed for simultaneous determination of maneb and zineb. The simultaneous determination of these pesticides by the use of traditional spectrophotometry techniques is difficult as, their absorption spectra overlap and the superimposed curves are not suitable for quantitative evaluation.
Bosch-Reig et al 21, 22 outlined the fundamentals of HPSAM in 1988 which is a simple bivariate chemometric technique. HPSAM is applied to work at two selected wavelengths where the analytical signals due to one of the species (interferent) is constant and for another one (analyte) to be different as much as possible. By plotting the analytical signal versus added analyte concentration, two straight lines are obtained that have a common point with coordinates H (-C H , A H ), where -C H is the unknown analyte concentration and A H the analytical signal due to interferent species. The HPSAM has been applied to eliminate the blank bias error due to the use of absorbent blank 23, 24 , in liquid chromatography 25 , in metal speciation [26] [27] [28] and to the analysis of kinetic data [29] [30] [31] [32] with time as an additional variable.
In the present work a very simple, sensitive, selective and low cost HPSAM for simultaneous determination of maneb and zineb using 1-(2-pyridylazo)-2-naphthol in Triton X-100 micellar media is described. The method has been successfully applied for simultaneous determination of maneb and zineb in synthetic samples, spiked water samples, crops (potatoes and wheat grains).
Experimental
Apparatus UV-visible absorbance spectra were recorded on a Shimadzu UV-1700 scanning spectrophotometer. Digital century pH-meter C P 9.1 with a combined glass electrode was used for pH measurements.
Reagents
All the reagents used were of analytical reagent grade chemicals unless otherwise stated and double distilled water was used throughout the experiment. Zineb was obtained from Wilson Laboratories (Mumbai, India) and maneb was prepared by a method given in the literature 33 . Their stock solutions were prepared in dimethylsulphoxide (DMSO). The purity of these dithiocarbamates was checked by elemental analysis and by complexometric titrations using suitable indicators 34 . A 0.01% PAN (w/v) solution was prepared by dissolving 10 mg of PAN in 100 mL of dimethylformamide. A buffer of pH 9.2 was prepared from ammonia and ammonium chloride at appropriate concentration. A 1% Triton X-100 solution was prepared in hot distilled water.
Procedure

Individual Calibration
In a 10 mL standard flask, 1.0 mL of PAN (0.01%) solution, 2.5 mL of Triton X-100 (1%), 2 mL of buffer solution (pH 9.2), and an appropriate amount of sample solution containing maneb or zineb were added. The concentration range of maneb and zineb was between 0.663-3.316 µg mL -1 and 0.414-3.446 µg mL -1 respectively. The absorbencies were measured at 562 and 555 nm against a reagent blank for maneb and zineb respectively.
H-point standard addition method
For preparation of pesticide sample solution , 1.5 mL of PAN (0.01%), 2.5 mL of Triton X-100 (1%), 2 mL of buffer solution (pH 9.2) and appropriate amounts of desired pesticide were added to a 10 mL standard flask and was made up to the mark with double distilled water. For each measurement, about 2 mL of the solution was transferred to a spectrophotometer cell and absorbencies were measured at 543 and 569 nm. Synthetic samples containing different amounts of maneb and zineb were prepared, and known amounts of zineb were added and H-point graphs were constructed. The concentration of zineb was evaluated from C H and that of maneb was evaluated by the calibration method with a single standard and the ordinate value of the H-point (A H ).
Results and Discussion
Maneb and zineb formed wine red colored complexes with PAN. Figure 1 clearly shows the overlapping absorption spectra of the PAN complexes of maneb and zineb so each compound interferes with the analytical determination of the other. Therefore simultaneous determination of maneb and zineb is possible using binary HPSAM. 
Optimization of variables
Maneb and zineb form complexes rapidly with PAN at pH values greater than 7. The absorbance is maximum and constant in the pH range 8.0-11.0 for Maneb-PAN, and 9.0-11.0 for Zineb-PAN complex. Therefore for further studies pH 9.2 was selected. Maneb and zineb-PAN complexes were insoluble in water, but were soluble in micellar media. The effect of various surfactants such as cetylpyridinium bromide (CPB), sodiumlauryl sulfate (SLS), Triton X-100, cetyltrimethylammonium bromide (CTAB) was studied. All these surfactants readily solublize the Maneb-PAN and Zineb-PAN complex but Triton X-100 was preferred as absorbance was maximum and 2.5 mL of 1% Triton X-100 was sufficient for complete dissolution of the each of the complex and for greater amounts the absorbance remained unchanged. Experiments showed that 1.0 mL of (0.01%) PAN solution was optimum for the complete complexation of maneb or zineb.
H-point standard addition method
The spectrum of Maneb-PAN complex was broad so, for obtaining good accuracy, only zineb was considered as analyte. The following principles were followed for selection of appropriate wavelengths for applying HPSAM:
(i) At the two selected wavelengths, the signal of maneb (interferent) must remain same, even if the concentration of zineb (analyte) is changed.
(ii) The analytical signals of the mixture composed from the zineb (analyte) and the maneb (interferent) should be equal to the sum of the individual signals of two species.
(iii) The slope difference of the two straight lines obtained at two selected wavelengths (λ 1 and λ 2 ) must be as large as possible in order to get good accuracy. In this case it is possible to select several pairs of wavelengths with the same absorbance for the Maneb-PAN complex. By considering the criteria that the higher the value for slope increment, the smaller the error for the analyte concentration, the best wavelength pair of 543 and 569 nm were chosen.
Several synthetic samples with different concentration ratios of maneb and zineb were analyzed using HPSAM. The results are given in Table 1 . H-point standard addition plots for several synthetic samples are also shown in Figures 2 and 3 . It is clear from these Figures that concentration of zineb (C H ) is independent of the concentration of maneb, and absorbance proportional to maneb concentration (A H ) is also independent of zineb concentration
Interference analysis
The effect of various diverse ions on the absorbance of a solution containing 0.5 µg mL -1 each of maneb and zineb was studied. An ion was considered to interfere when its presence produced a variation in the absorbance of the sample greater than 5%. Among the anions examined I -, Br -, Cl -, CO 3 2-, SO 3 2-, SO 4 2-, NO 3 -, IO 3 -, NO 2 -did not interfere at concentrations1000 times higher than those of the analytes but ethylenediamine tetraacetate ion interfered strongly. Among the cations Hg 
Applications of the method Determination of maneb and zineb in water sample
The spiked water samples containing both zineb and maneb have been analyzed by the proposed HPSAM. Maneb and zineb concentration found in water samples by applying HPSAM is in good agreement with the concentration present in the spiked samples actually. The results are given in Table 2 . 
Determination of maneb and zineb in crops (potatoes / wheat grain)
A known amount of maneb and zineb in DMSO was crushed with 20 g of crop. The mixture was then stirred with magnetic stirrer for 1h to provide complete dissolution of maneb and zineb and then filtered to separate the food residue from the solution containing maneb and zineb. The residue was washed with DMSO to provide complete extraction of maneb and zineb to the solution. Filtrate and washings were combined and evaporated to 20 mL on a water bath using a current of dry air, dissolved in DMSO and determined by the HPSAM. The results of the determinations are given in Table 2 .
Conclusion
The important characteristics of this work are: 1. Simultaneous determination of maneb and zineb without the use of any expensive instrument is achieved. This reduces the cost of applied method.
2.
No extraction step is required as determination has been done in micellar media and hence the use of organic solvents is avoided. Most of the organic solvents that are being used for extraction are classified as toxic and environmental pollutants and some have been listed as carcinogenic by the US Environmental Protection Agency (EPA).
